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THE  PROBLEM 


The  applicability  of  current  theory  and  measures  of  risk-taking  (R-T) 
to  the  understanding  and  selection  of  military  aviators  was  investigated.  The 
project  consisted  of  three  interrelated  sections;  (1)  an  extensive  review  and 
critique  of  the  literature  in  R-T,  (2)  the  development  of  an  alternate  measure 
emphasizing  the  decisional  aspects  of  R-T,  and  (3)  preliminary  findings  of  a 
brief  study  employing  the  proposed  Signal  Detection  Theory  measure. 


FINDINGS 


On  the  basis  cf  the  R-T  literature  review,  a  number  of  serious  weak¬ 
nesses  and  difficulties  in  existing  R-T  measures  were  enumerated.  Because  of 
these  problems,  an  attempt  was  made  to  determine  an  alternative  measure  which 
stressed  the  decisional  aspects  of  the  R-T  situation.  This  involved  the  appli¬ 
cation  of  the  Signal  Detection  Theory  framework  to  a  psychophysical  task  of 
changing  signal  probabilities.  The  validity  ot  this  approach  for  determining 
decisional  differences  among  individuals  was  investigated  in  an  auditory  detec¬ 
tion  task  of  very  limited  length.  The  results  in  general  were  favorable  to  this 
alternative  approach  to  measuring  meaningful  individual  difference-s  along  a 
statistical  decision  dimension. 
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INTRODUCTION 


Flying  military  aircraft  is  a  hazardous  business .  Rond  (fi)  suggested 
that  military  aircrewmen  differ  from  the  general  population  with  respect  to  their 
willingness  to  be  employed  in  such  a  dangerous  occupation  because  of  a  basic 
personality  difference.  More  recent  studies  have  also  explored  this  apparent 
propensity  for  risk-taking  (R-T)  behavior  in  military  pilots  (16,  18,  49.  50, 

52)  .  These  studies,  which  have  employed  a  predominantly  psychiatiric 
approach  (i.e.,  personality  inventories,  background  questionnaires,  and 
clinical  interviews)  ,  have  reported  significant  differences  between  military 
aviators  and  the  general  population  along  the  R-T  dimension.  From  these 
reports,  it  appears  that  this  attitude  toward  R-T  shared  by  military  aviators  may 
reflect  a  basic  personality  characteristic  or  "trait"  on  which  they  differ  from 
the  population  in  general . 


Granting  this  characteristic  R-T  difference  between  military  pilots  in 
general  and  the  population  at  large,  the  project  to  be  described  in  this  report  was 
concerned  with  the  feasibility  of  developing  an  objective,  behaviorally  determined 
measure  which  would  reliably  differentiate  such  individuals  on  the  basis  of  their 
predisposition  for  R-T.  If  such  a  measure  could  be  d'Vermined,  it  would  not 
only  contribute  to  a  greater  understanding  of  the  aviation  community  in  general, 
but  could  also  be  of  some  practical  value  in  the  selection  of  future  aviators. 


The  research  project  described  in  this  report  is  composed  of  three 
parts  (1)  a  survey  of  current  R-T  theory  and  research  which  attempts  to  pre¬ 
sent  the  status  of  the  area  and  evaluate  its  applicability  to  the  aviation  setting; 

(2)  the  theoretical  development  of  an  alternate  measure  which  avoids  the  most 
common  methodological  pitfalls  of  current  R-T  indices;  and  (3)  an  initial  empiri¬ 
cal  attempt  to  determine  the  feasibility  of  the  newly  proposed  measure  which 
employs  the  Signal  Detection  Theory  model  and  statistical  framework. 


I  .  RISK  -TAKING:  A  REVIEW  OF  THEORY  AND  METHODS 


From  its  early  origins  in  economic  theory,  and  its  subsequent  adoption 
in  the  early  1950s  by  psychology  in  theories  of  decision-making  (12,  13)  ,  R-T 
has  branched  into  many  and  diverse  areas  of  the  adopting  science.  Statistical 
decision  theorists,  as  well  as  personality  and  social  theorists,  have  investigated 
H  T  behavior  from  their  particular  viewpoints.  However,  a  resultant  lack  of 
clarity  in  the  R-T  literature  has  also  been  recognized  by  a  number  of  researchers 
(32,  40.  41,  42,  37,  58,  60,  69)  .  Several  reasons  for  this  confuted  state  have 
been  proposed . 

First,  the  term  "risk-taking"  itself  is  extremely  vague,  and  its  current 
usage  encompasses  a  multitude  of  behaviors.  Although,  as  Slovic  (57)  has 


stated,  there  is  "little  concern  in  the  literature  with  problems  inherent  in  defin¬ 
ing  and  assessing  this  presumably  general  personality  characteristic,"  there 
ai.e,  nevertheless,  many  supposed  R-T  measures  employed  in  current  research. 
These  measures  embrace  such  disparate  behaviors  as  responding  to  simple  per¬ 
sonality  questionnaires  (68)  ,  betting  preferences  on  dice  games  and  other  games 
of  chance  (40,  41,  42,  48,  53,  59,  62),  skillgame  play  (3,  10,  20,  36,  41,  42, 

64)  ,  choosing  alternatives  in  hypothetical  real-world  situations,  performance 
on  games  of  simulated  international  conflict  (25,  26)  ,  and  many  others.  This 
wide  range  of  behaviors  itself  gives  some  indication  of  the  multidimensionality 
of  the  R-T  concept  as  it  is  currently  employed.  Furthermore,  when  performance 
on  several  of  these  hypothetical  R-T  tasks  has  been  compared,  little  convergent 
validity  has  appeared  (1,  57,  58,  59)  . 


Second,  there  are  a  multitude  of  factors,  internal  (personality  and  moti¬ 
vational)  and  external  (situational)  ,  which  have  been  shown  to  be  related  to  one 
or  more  of  the  R-T  measures  described  above.  Commonly,  a  researcher  has 
selected  a  single  such  R-T  measure  and  has  attempted  to  relate  to  it  some 
organismic,  personality,  or  situational  variable (s)  such  as  sex  (71)  ,  age  (72)  , 
achievement  motivation  (2,  20),  manifest  anxiety  (31,  41),  level  of  stress  (35), 
type  of  opponent  (34)  ,  group  vs  individual  settings  (26,  32)  ,  length  of  decision 
time  (61)  ,  etc.  Although  only  a  single  R-T  measure,  such  as  betting  on 
dice  throws,  may  have  been  investigated  in  a  particular  study,  the  findings  have 
tended  to  be  reported  under  the  general  summary  term  "risk-taking."  The  end 
result  of  this  lack  of  discrimination  between  methods  or  settings  has  generally 
been  claimers,  disclaimers,  confusion,  and  contradictions  throughout  the  R-T 
literature . 


It  appears,  then,  that  the  present  state  of  knowledge  concerning  R-T 
strongly  supports  Slovic's  repeated  contention  (52,  58,  59)  that  such  behavior 
is  not  as  "conceptually  unitary  as  many  psychologists  would  D.ke  it  *:o  be." 

This  failure  to  demonstrate  trans-situational  generality  for  individual  differ¬ 
ences  in  R-T  performance  has  been  replicated  by  many  other  researchers  (7,  17, 
24,  42,  73)  ,  Hence,  it  appears  that  unless  there  is  a  restraint  in  the  use  of  such 
a  broadly  inclusive  term  as  "risk-taking"  for  this  myriad  of  behaviors,  the  con¬ 
fusion  of  claims  concerning  the  many  investigated  variables  within  the  R-T  realm 
may  never  be  reduced. 

II .  DETERMINATION  OF  AN  ALTERNATE  DECISIONAL  MEASURE 
A .  T  heoretical  and  Methodological  Considerations: 


Given  the  present  state  of  the  R-T  realm,  there  appears  to  be 
little  value  in  adding  yet  another  study  to  the  area.  Howev  er ,  the  current  Zeit¬ 
geist  continues  to  foster  the  notion,  both  within  and  beyond  the  aviation 
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community,  of  the  "daredevil  aviator."  Since  inherent  within  the  R-T  concept  is 
the  core  element  of  a  decision-making  task  (under  risk)  ,  perhaps  the  aviator's 
characteristic  behavior  could  best  be  approached  from  this  alternate  route.  In 
other  words,  it  may  be  possible  to  demonstrate  a  difference  between  the  aviation 
community  and  the  general  population  in  basic  decision-making  behavior.  Such 
a  restatement  of  the  R-T  question  shifts  the  emphasis  away  from  the  risk  element 
and  focuses  more  upon  the  decisional  aspects  of  a  situation.  The  factor  of 
"risk"  is  relegated  to  a  parametric  position  within  the  broader  decisional  frame 
work.  Consequently,  the  present  paper  examines  individual  differences 
exhibited  on  a  decision-amking  task  under  various  conditions.  Such  an 
approach  to  the  understanding  of  the  hypothesized  "risky  behavior"  of  aviators 
may  avoid  many  of  the  serious  problems  encountered  within  the  R-T  area. 


As  the  result  of  the  numerous  problems  described  in  the  previous  sec¬ 
tion,  it  was  concluded  that  ihe  determination  of  an  appropriate  decisional  mea¬ 
sure  for  the  aviation  setting  should  be  made  on  strong  methodological  as  well  as 
theoretical  grounds.  The  selected  measure  should  accurately  reflect  the  deci¬ 
sional  or  judgmental  aspects  of  R-T  while  avoiding  some  of  the  common  pitfalls 
of  existing  tests  or  scales . 


The  methodological  considerations  involved  in  selection  ot  this  deci  ¬ 
sional  measure  were  derived  in  large  part  from  well  documented  problems  in 
the  R-T  literature.  For  example,  such  researchers  as  Kogan  and  Wallach  (32) 
and  Slovic  (58)  have  stated  that  the  often  highly  artificial  or  hypothetical  atmos  ¬ 
phere  existing  in  much  of  the  R-T  research  may  have  resulted  in  capricious, 
situation-specific  responses  rather  than  true  indicants  of  any  underlying 
behavioral  trait  related  to  R-T.  Another  common  but  serious  problem  in  such 
research  has  been  the  ease  with  which  an  individual  might  "fake"  a  risky  or  a 
conservative  response  on  a  selected  R-T  measure  in  order  to  satisfy  what  he 
thinks  the  experimenter  might  want  or  even  what  he  thinks  he  "ought"  to  do. 

How  adequately  this  reflects  his  behavior  in  a  "real-world"  situation  is  unknown 
There  has  also  been  the  problem  of  the  "risk"  itself.  Rarely  do  the  experiments 
actually  challenge  the  individual  with  true  risk,  but  rather  tend  to  rely  on  small 
monetary  losses  or  gains  or  simply  hypothetical  threats  or  rewards  in  make  - 
believe  situations.  How  adequately  the  individual's  behavior  in  such  settings 
reflect  his  actual  propensity  for  R-T  behavior  is  also  unknown.  It  was  believed 
that  a  basic  decision-making  task  was  less  likely  to  face  these  common  R-T  prob 
lems  to  the  same  extent. 


In  addition  to  the  restrictive  conditions  mentioned  above,  several  addi  ¬ 
tional  considerations  in  this  search  for  a  decision  measure  were  taker,  into 
account.  It  was  desired  that  the  measure  be  as  automated  as  possible  and  also  In 
capable  of  administration  within  an  experimental  period  of  reasonable  length  . 
Such  factors  would  increase  the  measure's  degree  of  applicability  by  augmenting 
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the  level  of  standardization  as  well  as  by  enhancing  its  practical  utility  by  adding 
to  the  total  number  of  Ss  who  could  be  run  within  a  given  time  frame.  On  a  more 
theoretical  note,  previous  researchers  (16,  50)  had  characterized  the  military 
aviator  not  as  a  foolishly  risky  individual,  but  rather  as  a  person  willing  to  take 
the  risk  if  the  situational  odds  so  dictated.  Therefore,  it  was  also  desired  that 
the  decisional  task  selected  must  somehow  reflect  this  situational  component  of 
R-T ,  in  order  to  adequately  simulate  the  variable  decisional  aspects  of  genuine 
aviation-related  R-T  behavior. 


B .  Signal  Detection  Theory  Approach 


A  further  advantage  of  shifting  the  emphasis  on  R-T  to  the  deci¬ 
sional  aspects  of  the  setting  in  which  such  behavior  occurs  rested  in  the  possi¬ 
bility  of  applying  new  approaches  to  the  analysis  of  such  performance.  Statisti¬ 
cal  decision  theory  as  formalized  in  Signal  Detection  Theory  (SDT)  represented 
just  such  an  approach  (21 ,  65)  .  An  analysis  of  an  individual's  behavior  on  a 
classical  psychophysical  task  according  to  the  tenets  of  SDT  results  in  a  measure 
of  the  individual's  response  criterion,  Beta,  as  well  as  the  more  common  measure 
of  his  sensitivity.  Within  SDT,  this  Beta  value  not  only  reflects  the  level  or 
degree  of  "response  conservativeness"  exhibited  by  the  individual  under  any 
particular  stimulus  conditions  (e.g.,  a  priori  probabilities  of  signal  presenta¬ 
tion,  pay-off  matrix  for  "hits"  and  "false  alarms")  ,  but  also  allows  a  relative 
comparison  of  the  individual's  degree  of  response  conservativeness  across 
situations  of  various  stimulus  conditions.  This  comparison  makes  it  possible  to 
observe  any  change  in  the  individual's  criterion  as  the  signal  probabilities  or 
other  parameters  are  experimentally  manipulated.  Theoretically,  it  reflects  the 
person's  ability  to  "match"  the  changing  signal  conditions  with  an  appropriate 
shift  in  his  level  of  response  criterion  (conservativeness)  .  In  the  present  con¬ 
text,  this  factor  of  changing  situational  parameters  was  seen  as  important  in  the 
attempt  to  assess  the  degree  of  flexibility  of  the  individual's  response  criterion 
level  as  relevant  conditions  of  the  setting  are  altered.  It  was  hypothesized  that 
this  factor  may  to  some  extent  involve  the  situation  specificity  of  the  aviator's 
R-T  behavior  referred  to  previously. 


In  the  present  study  individual  differences  in  performance  on  an  audi¬ 
tory  detection  task  under  varying  conditions  of  signal  probability  were  investi¬ 
gated  within  a  Signal  Detection  Theory  framework,  with  primary  emphasis  upon 
the  individual's  Beta  values  across  conditions.  Beyond  the  value  of  the  SDT 
approach  already  enumerated,  an  auditory  detection  setting  also  appeared  to 
hold  the  advantage  over  other  possible  decisional  measures  in  that  it  was 
believed  less  likely  to  reveal  to  the  individual  its  actual  nature  and  would  thus 
be  less  "fakable."  Described  to  the  individual  as  an  "auditory  task,"  it  was 
thought  to  appear  less  artificial  in  S's  eyes  ("hearing  tests"  are  usually  con¬ 
ducted  in  laboratories)  and  therefore  would  reduce  the  capriciousness  or  bias  of 
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his  responses.  This  criticism  of  artificiality  or  fakability  with  regard  to  the 
usual  R-T  indices  has  been  described  above.  However,  the  reliability  and  con¬ 
sistency  of  the  individual's  performance  as  obtained  by  SDT  analysis  of  a 
psychophysical  task  has  been  demonstrated  both  over  trials  (30,  64)  and  across 
modalities  (23,  46) . 


A  further  advantage  of  the  basic  detection  paradigm  and  SDT  form  of 
analysis  for  the  determination  of  individual  differences  in  decisional  character¬ 
istics  was  the  large  body  of  previous  SDT  research  into  the  many  parameters  of 
the  experimental  detection  setting.  Furthermore,  the  SDT  approach  to  the 
investigation  of  individual  differences,  although  generally  on  the  sensitivity 
dimension,  has  been  employed  by  other  researchers.  The  use  of  SDT  as  an 
experimental  means  of  investigating  behavioral  differences  is  by  no  means 
original  with  this  study.  Price  (47)  reviewed  a  number  of  studies  in  person¬ 
ality  and  perception  which  successfully  utilized  SDT  and  suggested  other  areas 
for  future  investigation  within  the  SDT  framework.  Treisman  and  Watts  (70) 
reported  a  relationship  between  "rigidity,"  as  measures  by  the  Luchins'  water 
jar  test  (39)  ,  and  the  subject's  response  criterion  on  an  auditory  discrimina¬ 
tion  task.  De  Fazio  and  Moroney  (11)  attempted  to  relate  Witkin's  concept  of 
field  dependency-independency  (76,  72)  to  performance  on  an  auditory  signal 
detection  task.  Tong  and  Ground  (67)  demonstrated  the  differential  effect  upon 
response  criterion  of  the  type  of  instruction  for  low  rigidity  vs  high  rigidity 
subjects.  A  large  number  of  researchers  (5,  8,  37,  75)  have  attempted  to 
analyze  performance  on  vigilance  or  monitoring  tasks  within  the  SDT  conceptual 
framework.  Lockhart  and  Murdock  (38)  described  the  application  of  SDT  to  the 
analysis  of  memory  data,  while  Siegel  and  his  associates  (55,  56)  obtained  SDT 
measures  from  S's  performance  on  true-false  tests  in  an  academic  setting. 


Of  more  direct  importance  for  the  present  study  was  the  article  by  Poor- 
tinga  (46)  in  which  he  proposed  the  use  of  the  SDT  paradigm  and  form  of  analy¬ 
sis  as  a  method  for  determining  reliable  R-T  differences  between  individuals. 

He  believed  these  differences  to  be  observable  in  the  numbers  of  "more  confi¬ 
dent"  rated  responses  reported  by  each  individual  on  a  detection  task.  Poortinga 
was  able  to  report  reliable  individual  differences  in  the  number  of  such 
responses  across  modalities  (visual  and  auditory  detection)  and  hypothesized 
this  consistency  in  the  individual's  detecticn  behavior  to  result  from  underlying 
R-T  related  differences  in  personality  among  his  Ss. 


The  present  study  differed  markedly  from  Poortinga's  in  that  the  major 
experimental  condition  of  changing  signal  probabilities  were  introduced.  While 
Poortinga  was  primarily  concerned  with  demonstrating  the  consistency  of  the 
individual's  relative  frequency  of  "more  confident"  responses  on  psychophysical 
tasks,  which  he  hypothesized  to  be  an  indicant  of  R-T,  the  present  research 
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focused  upon  the  individual's  ability  to  change  his  criterion  or  degree  of  "con- 
servativeness"  as  the  situational  conditions  in  which  he  formulated  his  psycho¬ 
physical  decision  were  altered.  As  outlined  previously,  it  was  hypothesized  that 
the  analysis  of  such  decisional  behavior  assessed  that  situation  component  of 
R-T  decision-making  referred  to  by  prior  investigators  (50)  . 

In  summary,  the  present  study  proposed  that  the  same. type  of  decisional 
aspects  of  genuine  R-T  behavior  are  reflected  in  the  pattern  of  responses  demon 
strated  on  an  auditory  detection  task.  As  the  conditions  of  a  priori  signal  prob 
ability  are  systematically  varied  within  the  SDT  framework,  it  is  theoretically 
possible  to  determine  concurrent  shifts  in  the  individual's  decision  criterion  or 
conservativeness  of  responding .  If  this  contention  proves  true,  individual  dif¬ 
ferences  on  the  detection  task  might  then  serve  as  practical  indicants  of  differ¬ 
ences  in  decisional  strategies  among  individuals.  Although  the  psychophysical 
detaction  task  of  the  present  study  bore  little  face  validity  for  simulation  of  the 
physical  threat  and/or  hedonistic  thrill  of  actual  flying ,  it  hypothetically 
reflected  some  degree  of  the  same  judgemental  aspects  of  behavior.  In  other 
words,  it  may  have  served  to  evidence  a  characteristic  orientation  within  the 
individual's  behavioral  repertory  which  separates  him  from  others  along  a 
decisional  dimension  of  human  behavior . 


C.  Initial  Validation  of  the  SDT  Approach  to  Individual  Differences 

Eefore  a  meaningful  discussion  of  the  theoretical  and  practical  value 
of  the  individual  criterion  measures  obtained  on  some  detection  task  was  believed 
possible,  it  was  necessary  to  establish  the  validity  of  such  measures  as  valid 
indices  of  the  individual's  "conservativeness"  in  the  setting  selected.  The 
remainder  of  this  report  deals  with  the  experimental  attempts  to  demonstrate  the 
meaningfulness  of  these  derived  statistics  in  the  particular  experimental  design 
employed .  This  initial  validation  of  the  applicability  of  SDT  analysis  was  deemed 
necessary  because  of  certain  elements  in  the  present  design  which  differed  from 
most  other  SDT  investigations  of  a  similar  nature  (65,  66)  .  The  great  majority  of 
studies  in  the  literature  employing  SDT  have  run  each  subject  for  at  least  hun¬ 
dreds  and  usually  thousands  of  trials  over  weeks  or  even  months,  with  the  result 
that  the  measures  obtained  reflected  the  behavior  of  well-practiced,  experi¬ 
mentally-experienced  individuals .  Although  a  relationship  between  such  an 
extensive  measure  and  existing  academic  and/or  psychological  criteria  in  naval 
aviation  training  would  be  of  theoretical  interest,  it  would  have  limited  practical 
applicability  given  the  restricted  availability  of  flight  students  within 
the  tightness  of  the  training  schedule.  Therefore,  the  present  study  attempted 
to  obtain  meaningful  criterion  measures  (Beta)  under  three  different  condi¬ 
tions  of  a  priori  signal  probability  of  only  6£  trials  each,  An  overall  (across- 
subjects)  shift  in  Beta  values  from  one  signal  probability  condition  to 


another  in  a  manner  consistent  with  SDT  would  provide  theoretical  support  for 
the  general  design  of  the  present  experiment  as  well  as  for  the  practical 
effectiveness  of  the  changing  probability  conditions  as  criterion  shifting  para  ¬ 
meters  in  the  selected  decisional  setting . 


Following  the  basic  concepts  of  SDT  (65)  ,  systematic  increases  iri  signal 
probability  were  expected  to  result  in  a  downward  shift  in  the  individual's 
degree  of  "conservativeness"  (Beta)  from  Condition  A  (10-stinmli-50  blanks) 
Condition  B  (30-30)  to  Condition  C  (50-10)  .  The  parameter  of  signal  probability  , 
like  payoffs  and  costs  for  "hits"  and  "false  positives"  in  other  studies,  has  been 
demonstrated  to  be  an  effective  variable  in  determining  the  level  of  the  observer's 
response  criterion  (54,  63,  65).  These  previous  studies,  however,  have  used 
hundreds  or  thousands  of  trials  for  determining  such  a  measure.  In  fact,  it  has 
been  stated  that  SDT  is  only  fully  applicable  in  situations  in  which  the  time  ele  ¬ 
ment  is  not  highly  critical  (21)  ,  since  only  with  a  large  number  of  trials  can  the 
assumptions  underlying  the  sensitivity  measure  d'  and  the  criterion  measure 
Beta  with  SDT  be  considered  adequately  met.  A  major  concern  of  this  initial 
report  was  to  determine  the  utility  of  SDT  analysis  for  a  psychophysical  task  of 
drastically  reduced  length.  Whether  such  an  approach  is  tenable  for  the 
investigation  of  psychophysical  phenomena  was  not  of  primary  interest.  Rather, 
the  emphasis  was  upon  the  feasibility  of  the  shortened  SDT  approach  as  a  deter  ¬ 
miner  of  meaningful  and  reliable  individual  differences  along  a  decisional  dimen  ¬ 
sion. 


METHOD 


Subjects .  The  42  Ss  employed  in  the  present  research  were  Aviation  Officer 
Candidates  (AOCs)  or  Naval  Flight  Officer  Candidates  (NFOCs)  assigned  to  the 
Naval  Aviation  Schools  Command,  Naval  Air  Station,  Pensacola,  Florida.  The 
auditory  detection  task  to  be  described  below  was  added  to  the  battery  of  physi 
cal  and  psychological  tests  routinely  administered  to  incoming  flight  students  . 


Apparatus .  A  Bell-Tone  Model  10C  sound  generator  was  employed  to  present 
both  the  auditory  signals  and  the  constant  random  noise  background  to  the  Ss 
over  dual  Grason-Stadler  headsets  (Model  TIJH39300Z)  .  The  intensity  of  the 
random  noise  was  maintained  constant  for  all  Ss  and  over  all  trials  throughout 
the  entire  experiment.  The  intensity  and  frequency  of  the  auditory  signals 
employed  could  be  controlled  by  E ,  althoughin  the  present  expennieni  the  signal 
frequency  of  1000  HZ  was  held  constant  over  all  trials.  The  equipment  design 
was  such  that  signal  presentation  could  be  controlled  manually  by  E  or  ;n  real 
time  by  interfacing  with  a  UNIVAC  418  computer. 
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Procedure .  Each  S  was  tested  individually  in  a  single  experimental  session 
lasting  approximately  45  minutes.  All  testing  was  performed  in  a  small  testing 
cubicle  located  in  a  semi-dark,  quiet  room. 


Part  I .  In  Part  I  each  S_  was  instructed  that  the  general  purpose  of  the  experi¬ 
ment  was  to  determine  the  ability  of  individuals  to  detect  auditory  signals  pre¬ 
sented  over  a  constant  noise  background  similar  to  radio  static.  He  was  informed 
that  his  task  was  simply  to  respond  when  he  believed  he  heard  the  brief  auditory 
tone  over  the  "static  noise"  which  was  presented  continuously  through  the  head¬ 
sets  . 


S  was  instructed  that,  at  the  beginning  of  each  trial  in  Part  I,  the  green 
light  located  in  the  control  box  in  front  of  him  was  to  be  manually  turned  on  by 
E  and  remain  on  for  1  second.  The  offset  of  this  warning  light  was  to  coincide 
with  the  presentation  of  a  2-sec.  auditory  s'gnal  of  1000  Hz.  If  the  S  detected 
this  signal,  he  was  instructed  to  depress  the  warning  light  which  activated  a 
light  in  E's  adjoining  cubicle.  In  this  portion  of  the  session  ,  E  manually 
recorded  S's  responses. 


The  intensity  of  the  auditory  tones  on  these  trials  in  Part  I  was  con¬ 
trolled  by  E .  These  trials  were  run  according  to  the  "method  of  limits"  to  deter¬ 
mine  a  classical  "threshold"  value  for  each  S  .  This  involved  five  ascending 
intensity  trials  alternating  with  five  descending  intensity  trials.  These  10  trials 
lasted  approximately  15  minutes  and  were  followed  by  a  short  rest  period  of 
2-3  minutes  before  the  second  portion  of  the  experiment  was  begun.  During  this 
period,  E  calculated  S's  "threshold"  value  from  the  initial  trials  (78)  . 


Part  II.  Part  n  of  the  session  involved  three  sets  of  60  trials  each,  which 
differed  from  one  another  on  the  basis  of  the  actual  number  of  auditory  signals 
present  within  the  60  trials.  Condition  A  contained  10  signal  trials  and  50  blank 
trials;  Condition  B,  30  signals  and  30  blanks;  and  Condition  C,  50  signals  and 
10  blanks.  The  order  in  which  S  received  these  three  conditions  was  randomly 
determined  (within  a  counterbalanced  design)  ,  as  was  the  actual  sequence  of 
signal  and  blank  trials  within  each  of  the  three  conditions.  For  each  S  the 
intensity  of  the  auditory  signals  was  maintained  constant  throughout  all  three 
conditions  of  Part  II  at  that  intensity  level  determined  as  S's  "threshold"  in  Part 
I.  Prior  to  the  start  of  the  first  condition  and  during  the  2-minute  rest  periods 
before  each  of  the  next  two  conditions,  S  was  allowed  to  remove  the  headsets 
while  he  read  a  detailed  description  of  the  60  trials  to  follow .  In  this  description 
he  was  informed  as  to  the  exact  number  of  signal  and  blank  trials  which  would  be 
contained  in  the  total  60  trials  of  the  following  condition.  A  copy  of  the  instruc¬ 
tions  read  by  S_  prior  to  Condition  A  (10  signals-50  blanks)  is  contained  in 
Appendix  A.  The  instructions  for  Conditions  B  and  C  were  very  similar,  with 
only  the  numerical  values  changed  to  correspond  to  the  respective  signal  condi¬ 
tion  . 
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The  temporal  arrangement  of  trials  within  conditions  consisted  of  a 
3-second  warning  light,  the  onset  of  which  was  followed  one  second  later  by  the 
1000  Hz  signal  (if  that  trial  contained  a  signal)  .  The  auditory  signal  and  warn¬ 
ing  light  terminated  simultaneously.  A  5-second  interval  was  maintained 
between  the  termination  of  one  trial  and  the  onset  of  the  next.  ]S_  was  carefully 
instructed  as  to  this  arrangement  of  the  warning  light  and  test  stimulus  prior  to 
each  condition) . 


Part  II  also  differed  from  Part  I  in  that  all  conditions,  all  trials  within 
conditions,  and  all  intertrial  and  intercondition  intervals  were  controlled  by  the 
online  computer.  This  effectively  automated  Part  II  and  ensured  equivalence  of 
design  across  Ss.  The  computer  also  recorded  all  Ss'  responses  during  the 
total  180  trials  of  the  three  conditions  as  well  as  the  latencies  of  all  the  Ss' 
responses  throughout  the  experimental  session. 


COMPUTATION  OF  BETA  AND  d' 


Beta. 


Beta  values  were  calculated  by  the  procedure  described  by  Welford  (74) 
and  more  recently  by  Hochhaus  (28)  .  This  involves  the  utilization  of  a  prepared 
table  to  obtain  the  normal  curve  ordinate  values  corresponding  to  the  proportion 
of  the  S^'s  "false  negatives"  (pNOsn)  and  the  proportion  of  his  "false  positives" 
(pYESn)  during  the  60  trials.  The  Beta  for  each  S  per  Condition  could  then  be 
computed  directly  from  the  general  formula: 


Beta  =  Ordinate  for  pNOsn 
Ordinate  for  pYESn 


The  Beta  values  obtained  in  this  way  were  then  transformed  into  loge  (Beta  +  1) 
values .  Such  a  transformation  of  the  raw  Beta  socres  has  become  common  prac¬ 
tice  in  much  SDT  research,  due  to  the  skewness  which  results  from  these  scores 
having  a  lower  limit  of  zero  but  no  necessary  upper  limit,  By  adding  the  con¬ 
stant  of  1  to  the  raw  Beta  scores  before  taking  the  logarithm ,  all  scores  were 
made  positive . 
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i  he  jliii ii.oi.t_  commonly  reported  measure  within  SDT ,  cF,  was  also 
investigated  in  the  present  study,  although  the  measure  was  not  of  primary  inter¬ 
est.  This  parameter  d1  has  been  hypothesized  to  reflect  S's  sensitivity  in  the 
detection  setting  and,  unlike  Beta,  is  hypothetically  unaffected  by  the  previously 
described  criterion-shifting  treatments  (21,  63)  .  These  d's  measures  were  also 
calculated  Irom  the  procedure  described  by  Welford  (74)  and  Hochhaus  (28)  . 

The  normal  deviates  (ND)  for  the  proportion  of  false  negative  (pNOsn)  and  false 
positives  (pYESn)  were  again  read  from  a  prepared  table  and  then  substituted 
in  the  formula: 


d1  -  ND  for  pNOsn  i-  ND  for  pYESn. 


During  the  study  a  complication  arose  concerning  the  calculation  of  d' 
and  Beta,  resulting  from  the  b'  sic  procedural  design  employed.  Approximately 
one-  third  of  the  Ss  responded  on  one  or  more  trials  during  the  one-second 
period  between  the  onset  of  the  warning  light  and  the  onset  of  the  auditory  sig¬ 
nal.  Such  responses  were  very  infrequent,  comprising  less  than  5  per  cent  of 
the  total  responses,  and  were  therefore  not  viewed  as  a  serious  problem.  How¬ 
ever  ,  because  in  this  preliminary  investigaton  the  computer  was  programmed  to 
accept  and  record  only  S's  first  response  on  any  given  trial,  there  was  some 
concern  over  how  to  treat  these  trials  which  contained  early  responses.  Most 
research  within  SDT  does  not  have  this  problem,  due  to  the  highly  practiced  Ss 
employed  and  to  the  use  of  a  specified  response  interval  after  the  signal's  pre¬ 
sentation  during  which  S^  gn  es  his  response  for  the  preceding  stimulus  interval. 
The  present  study  intentionally  avoided  both  these  controls,  because  of  the 
desire  for  a  short,  practical  measure,  and  because  of  the  current  interest  in 
S's  response  latency  and  its  relationship  to  the  criterion  scores  reported  by  pre¬ 
vious  researchers  (15)  . 


To  deal  with  this  problem  it  was  arbitrarily  decided  that,  if  the  trial  did 
u.'i  contain  any  auditory  signal,  this  early  response  was  recorded  as  a  "false 
positive'1  (FP )  ,  since  even  if  S  were  to  respond  later  in  the  trial,  he  would  still 
lie  making  an  FP .  However,  if  the  trial  actually  did  contain  the  auditory  signal 
after  s's  preliminary  response,  it  was  unknown  whether  S  responded  a  second 
time  in  that  same  trial  or  not.  Therefore,  it  was  decided  to  assign  either  "false 
negatives"  (FN)  or  "correct  bits"  (CH)  to  these  trials,  depending  upon  which  S 
was  more  likely  to  have  made  as  exhibited  by  his  behavior  on  the  majority  of 
the  other  trials  in  the  condition,  in  future  work,  all  the  S's  responses  per  trial 
will  be  recorded  and  the  possible  significance  of  these  early  responses  will  be 
investigated . 
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ANALYSIS/RESULTS 


Figure  1  presents  graphically  the  relationship  between  the  rm  nn  trans¬ 
formed  Beta  values  across  all  Ss  for  the  three  signal  probability  conditions .  As 
predicted  within  an  SDT  framework,  a  decrease  in  criterion  measmes  from  the 
low  signal  frequency  condition  to  the  high,  signal  frequency  condition  is  evident. 
The  statistical  significance  of  this  trend  is  reflected  in  the  ANOVA  summary  table 
(Table  I)  by  the  highly  significant  Condition  effect.  Further  analysis  of  this  sig¬ 
nificant  Condition  effect  indicated  that  all  three  Conditions  were  significantly 
different  from  one  another  t  =  3.179,  df  =  41,  p  ■■■'  .01;  t  A  c  -  4.435, 

df  =  41 ,  p  <  .001;  t  =  2.277,  df  =  41,  p  <  .05).  The  other  main 

effect  of  Order  was  insignificant  as  was  the  Condition  X  Order  interaction  (see 
Table  I)  . 


(10  Stimuli  -  50  Blanks)  (30  Stimuli- 30  Blanks)  (50  Stimuli -10  Blanku) 


Figure  J 

Relationship  Among  Response  Criterion  Measures  Under  Three 
Conditions  of  a  priori  Signal  Probability 
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Table  I 

Analysis  of  Variance  of  Response  Criterion  Measures* 


SOURCE 


df  MS  F  p 


Between  Subjects 


Order 

5 

.185 

.185 

.561 

Order  X  Subjects 

36 

.187 

Subjects 

Condition 

2 

.721 

7.060 

.002 

Condition  X  Order 

10 

.145 

1.416 

.190 

Condition  X  Order  X  Subjects 

72 

.102 

*The  above  ANOVA  was  calculated  using  the  transformed  criterion  scores  loge  (Beta  +  1). 
See  tact  for  explanation  of  transformed  scores. 


No  significant  differences  were  found  between  the  sensitivity  measures , 
d',  for  the  three  signal  conditions  (Table  II)  .  However,  as  presented  in  Table 
III,  significant  intercorrelations  were  found  between  the  three  d1  measures 
obtained  for  each  S  under  the  three  signal  probability  conditions .  This  may 
indicate  some  degree  of  stability  of  the  sensitivity  measure  across  conditions 
even  with  so  few  trials  per  condition . 


Table  II 

Analysis  of  Variance  of  Sensitivity  Measures* 


SOURCE 

df 

MS 

F 

P 

Between  Subjects 

Order 

5 

1,706 

1.838 

.130 

Order  X  SuLj-'cts 

36 

.928 

Within  Subjects 

Condition 

2 

.492 

1.501 

.228 

Condition  X  Order 

10 

.204 

.621 

.792 

Condition  X  Order  X  Subjects 

72 

.328 

*The  above  ANOVA  was  calculated  using  tha  transformed  sensitivity  scores:  !oge  d\ 
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Table  III 


Intercorrelations  of  d'  Under  Three  Signal  Probability  Conditions 


Condition  A 

Condition  B 

Condition  C 

Condition  A 

1.000 

578** 

.483** 

(10ST-50  BL) 

Condition  B 

1.000 

573** 

(30ST30  BL) 

Condition  C 

i.000 

(  50ST-10  BL) 


**p  <  .01 


Correlations  between  the  Beta  and  d'  measures  were  also  investigated  as 
an  indicant  of  the  degree  of  orthogonality  of  the  two  derived  scores.  Theoreti¬ 
cally,  the  shift  in  Beta  in  the  present  design  were  obtained  under  "isosensiti¬ 
vity"  conditions;  that  is,  S's  d1  should  have  been  maintained  fairly  constant  by 
employing  the  same  "threshold"  intensity  throughout  each  of  S's  trials.  However, 
as  Table  IV  indicates,  there  was  a  relationship  between  Beta  and  d'  in  some  of 
the  conditions.  A  similar  finding  was  reported  by  Ingham  (30)  between  Beta 
and  d'  measures  also  obtained  in  an  auditory  detection  task.  Therefore,  it 
appears  that  Beta  and  d'  are  not  totally  independent  measures  of  response 
criterion  and  sensitivity ,  at  least  for  some  tasks  and  conditions  and  with  the 
current  methods  of  calculating  the  measures .  Although  this  finding  of  a 
relationship  between  d'  and  Beta  may  have  been  due  to  the  specific  conditions 
employed  by  Ingham  (30)  and  the  present  study,  it  does  question  the  usual 
treatment  of  these  scores  as  universally  independent  in  other  studies  which  are 
unable  to  test  the  orthogonality  of  the  measures  due  to  the  small  number  of  Ss 
usually  employed  in  SDT  research  (e.g. ,  21,  65)  . 


Table  IV 

Correlation?  Between  Response  Criterion  Scores3  and  Sensitivity  Scores  Id') 
Under  Tnree  Conditions  of  Signal  Probability 


Condition  A 

Condition  B 

Condition  C 

Correlation  r 

.616** 

.348* 

.127 

aThe  transformed  criterion  scores,  loge  (Beta  +  11,  were  used  in  the  above  correlations, 
*p  <  .05  **p  <  .01 
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Although  the  results  of  the  S's  response  latencies  will  be  treated  more 
fully  in  later  reports,  some  preliminary  findings  are  available.  Overall,  there 
was  a  decrease  in  the  latencies  from  the  low  signal  frequency  to  the  high  signal 
frequency  conditions  for  both  correct  hits  and  false  positives .  This  basically 
mirrors  the  decreasing  Beta  values  across  conditions  reported  above,  and  is  in 
close  agreement  with  previously  reported  findings  (15,  19) .  The  determina¬ 
tion  of  any  relationship  between  the  Beta  scores  and  S's  response  latencies  as 
well  as  a  comparison  of  the  latencies  for  the  various  types  of  responses  will  be 
treated  in  deiai1  in  future  work. 

CONCLUSION/iMPLICATIONS 

As  outlined  in  the  Introduction,  the  primary  concern  of  this  preliminary 
research  was  the  evaluation  of  the  present  design  as  a  valid  and  viable  experi¬ 
mental  technique  to  establish  an  individual's  criterion  of  response  and  to  shift 
the  response  criterion  in  a  theoretically  predictable  manner.  Therefore,  the 
major  emphasis  in  this  analysis  was  upon  the  change  (if  any)  in  each 
individual's  criterion-Beta  value  from  one  condition  of  a  priori  signal  probability 
to  another .  The  initial  findings  of  this  study  appeared  to  support  the  feasibility 
of  determining  a  semi -automated,  time-limited  measure  which  reflects  S's  deci¬ 
sional  processes  within  the  statistical  and  conceptual  framework  of  SDT .  The 
response  criterion  measures  obtained  on  the  psychophysical  task  in  the  present 
design  supported  the  theoretical  use  of  SDT  analysis  of  S's  behavior,  even 
though  the  task  differed  markedly  in  length  from  the  usual  designs  employed  in 
SDT  research.  Because  of  this  basic  difference,  it  was  highly  unlikely  that 
many  of  the  usual  strict  assumptions  "required"  within  formal  SDT  were  met. 

That  the  predicted  shift  in  response  criterion  was  obtained,  however,  indicated 
some  degree  of  validity  for  the  SDT  analysis  of  data  collected  from  relatively 
few  trials . 

Further  work  will  examine  individual  differences  among  Ss  in  the  extent 
to  which  the;'  deviate  from  the  predicted  group  trend  across  changing  conditions 
of  signal  probability.  A  preliminary  analysis  of  individual  differences  in 
response  patterns  indicates  that  extensive  differences  may  be  present.  Figure 
2  presents  the  Beta  values  for  three  Ss  arbitrarily  selected  from  the  present 
research.  Two  of  the  three  demonstrated  decreasing  Beta  values  over  the  signal 
probability  conditions  'as  did  the  majority  of  Ss) ;  however,  of  these  two,  S  4-H 
was  consistently  lower  (i.e. ,  less  conservative)  than  S  17-C  ,  Whether  such  an 
apparently  reliable  difference  in  individual  criterion  level  among  Ss  on  this  task 
is  reflected  by  meaningful  differences  in  other  settings  will  be  investigated  in 
future  work.  S  20-C,  who  was  also  consistently  more  conservative  than  S  4-H, 
did  not  demonst  rate  a  decreasing  response  criterion  across  conditions.  The 
meaning  of  this  "rigid"  conservativeness  in  some  individuals  will  also  be  studied. 
Future  investigations  will  attempt  to  determine  whether  these  suggested  individ¬ 
ual  differences  in  response  conservativeness  obtained  in  the  detection  setting 
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reflect  a  non-specific  personality  differentiation  or  "trait"  which  may  underlie 
the  variability  of  human  behavior  in  many  other  areas.  As  part  of  this  effort, 
these  criterion  or  decisional  differences  will  be  investigated  with  regard  to  dif¬ 
ferences  among  student  aviators  on  various  psychological  tests ,  psychomotor 
measures,  and  flight  training  performance. 
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CONDITION  A  CONDITION  B  CONDITION  C 
(10  Stimuli -50 Blanks)  (30  Stimuli -30 Blanks)  (50  Stimuli -10  Blanks) 


Figure  2 


Response  Criterion  Measures  for  Selected  Subjects  Under  Three 
Conditions  of  a  priori  Signal  Probability 


A  partial  replication  of  this  preliminary  study  is  currently  in  progress. 
The  later  study  will  also  explore  the  possibility  of  certain  changes  in  the  basic 
design  and  examine  other  possible  statistical  measures  of  S's  sensitivity  and 
response  criterion  which  might  be  applicable.  Probable  design  changes  include 
eliminating  the  central  probability  condition  (30-30) ,  while  lengthening  the  num¬ 
ber  of  trials  for  the  two  extreme  conditions.  This  is  expected  to  increase  the 
reliability  of  the  obtained  measures  by  reducing  S's  response  variance  without 
increasing  the  overall  test  time  required  for  each  S .  Other  measures  of  S' 's 
sensitivity  and  response  criterion  reported  in  the  current  literature  are  being 


15 


examined  to  determine  uncorrelated  (i.e. ,  orthogonal)  measures  of  sensitivity 
and  criterion.  This  would  simplify  the  present  problem  of  interpretation  in 
those  conditions  where  Beta  and  d'  are  not  independent.  Recently  derived  non- 
parametric  measures  of  sensitivity  and  criterion  within  SDT  which  are  akin  to 
Beta  and  d'  (22,  29,  51)  also  require  investigation,  since  the  computation  of  such 
scores  makes  different  assumptions  concerning  the  nature  of  S's  behavior  than  do 
the  parametric  scores .  These  measures  may  prove  more  appropriate  to  the  pre¬ 
sent  design  with  its  limited  number  of  trials . 


16 


REFERENCES 


nuiipi.Mjpi 


I  IJJH.U'HUIJJillMP 


1.  Anker,  J.  M.,  Townsend,  J.  C.,  and  O'Connor,  J,  P.  A  multivariate 

analysis  of  decision-making  and  related  measures.  Journal  oi 
Psychology,  1963,  55_,  211-221. 

2.  Atkinson,  J.  W.  Motivational  determinants  of  risk-taking  behavior. 

Psychological  Review,  1957,  64,  359-372 

3.  Atkinson,  J.  W. ,  Bastian,  J  .  R .,  Earl,  R .  W. ,  and  Litwin,  G.  H.  The 

achievement  motive,  goal  setting,  and  probability  preferences. 
Journal  of  Abnormal  and  Social  Psychology,  1960,  60_,  27-36. 

4.  Atkinson,  J.  W.,  and  Litwin,  G.  H.  Achievement  motive  and  test  anxiety 

conceived  as  motive  to  approach  success  and  motive  to  avoid 
failure.  Journal  of  Abnormal  and  Social  Psychology,  1960,  60, 
52-63. 

5.  Binford,  J.  R. ,  and  Loeb,  M.  Changes  in  criterion  and  effective  sensi¬ 

tivity  observed  on  an  auditory  vigilance  task  over  repeated 
sessions.  Journal  of  Experimental  Psychology,  1966,  72^, 
339-345. 

6.  Bond,  D.  D.  The  love  and  fear  of  flying.  New  York:  International  Uni¬ 

versities  Press ,  Inc . ,  1952. 

7.  Brichacek,  V.  Comparative  analysis  of  decision  processes.  Ceskosloven- 

ska  Psychologie,  1968,  12,  456-460.  Cited  by  P  .  Slovik,  1971. 

8.  Broadbent,  D.  E.,  and  Gregory,  M.  Vigilance  considered  as  a  statistical 

decision.  British  Journal  of  Psychology,  1963,  5,  309-323. 

9.  Castore,  CarlH.,  Goodrich,  Thomas  A.,  and  Peterson,  Kevin.  The 

veridicality  of  subjective  estimates  of  relative  risk.  Psychonomic 
Science,  1970,  21_,  321-322. 

10.  Damm,  J.  T.,  and  Bloxom,  A.  Risk-taking  and  performance  in  relation 

to  achievement-related  motives,  defensiveness,  and  social  con¬ 
text.  Research  Bulletin,  Educational  Testing  Service,  Princeton, 
N.  J. ,  1971. 

11.  DeFazio,  V.  J. ,  and  Moroney,  W.  F.  Performance  characteristics  of  field 

dependent  and  field  independent  individuals  on  an  auditory 
signal  detection  task.  Journal  of  Psychology .  1969,  71,  77-82. 


17 


Jl *1, 141 I IJ  ii  u  ■  j  |y<r 


12.  Edwards,  W.  Probability  preferences  in  gambling .  American  Journal 

of  Psychology ,  1953,  66,  349-364. 

13.  Edwards,  W.  Probability  preferences  in  gambling .  American  Journal  of 

Psychology,  1954,  67_,  441-452. 

14.  Egan,  J.  P.,  Schulman,  A.  I.,  and  Greenberg ,  G.  Z.  Operating 

characteristics  determined  by  binary  decisions  and  by  ratings . 
Journal  of  the  Acoustical  Society  of  America,  1959,  31, 

835  (abst) . 

15 .  Emmerich ,  D .  S  . ,  Gray ,  J .  L . ,  Watson ,  C  .  S . ,  and  Tanis ,  D .  C  . 

Response  latency,  confidence,  and  ROCs  in  auditory  signal 
detection.  Perception  and  Psychophysics,  1972,  11,  67-72. 

16.  Fine,  P.  M.,  and  Hartman,  B.  C.  Psychiatric  strengths  and  weaknesses 

of  typical  Air  Force  pilots .  Report  No.  SAM-TR-68-121.  Brooks 
Air  Force  Base,  Texas,  USAF  School  of  Aerospace  Medicine, 
Aerospace  Medical  Div  (AFSC) ,  November  1968. 

17.  Flanders,  J.  P.  Does  the  risky  shift  generalize  to  a  task  with  demonstra¬ 

bly  nontrivial  decision  consequences .  Paper  presented  at  the 
meeting  of  the  American  Psychological  Association,  Miami  Beach, 
Florida,  September  1970.  Cited  by  P.  Slovic,  1971. 

18.  Fry,  G.  E. ,  and  Reinhardt,  R.  F.  Personality  characteristics  of  jet 

pilots  as  measured  by  the  Edwards  Personal  Preference  Schedule . 
Aerospace  Medicine ,  1969,  40,  484-486. 

19.  Gescheider,  G.  A.,  Wright,  J.  H.,  Weber,  B.  J.,  Kirchner ,  B.  M.,  and 

Milligan,  E.  A.  Reaction  time  as  a  function  of  the  intensity  and 
probability  of  occurrence  of  vibrotactile  signals .  Perception 
and  Psychophysics ,  1969,  5,  18-20. 

20.  Gilson,  Charlotte  R,  (Yale  U.)  Individual  differences  in  risk-taking. 

Office  of  Naval  Research  Technical  Report,  1968  (June,  No.  13, 

Zip- 


21.  Green,  D.  M.,  and  S wets,  J.  A.  Signal  detection  theory  and  psychophy¬ 

sics.  New  York:  John  Wiley  and  Sons,  Inc,,  1966. 

22.  Grier,  J.  B.  Nonparametric  indexes  for  sensitivity  and  bias:  computing 

formulas.  Psychological  Bulletin,  1971,  75,  424-429. 

23.  Gunn,  W.  J. ,  and  Loeb,  M.  Correlation  of  performance  in  detecting  visual 

and  auditory  signals.  Report  No.  713,  U.  S.  Army  Medical 
Research  Laboratory,  Fort  Knox,  Kentucky,  January  1967. 


18 


24.  Higbets,  K.  L.  The  expression  of  "Walter  Mitty-ness"  in  actual  behavior. 

Paper  presented  at  the  meeting  of  the  Rocky  Mountain  Psycho¬ 
logical  Association,  1970.  Cited  by  P .  Slovic,  1971. 

25.  Higbee,  K.  L.,  and  Streufert,  S.  Perceived  control  and  riskiness. 

Psychonomic  Science,  1969,  1_7 ,  105-106. 

26.  Higbee,  K.  L.,  and  Streufert,  S.  Group  risk-taking  and  attribution  of 

causality.  Technical  Report  No.  21,  Purdue  University ,  April 
1969. 

2/.  Higbee,  Kenneth  L.,  ai  d  Streufert,  Segfried.  Perceived  control  and 
riskiness.  Psychonomic  Science,  1969,  17 (2)  ,  105-106. 

28.  Ilochhaus,  L.  A  table  for  the  calculation  of  d'  and  Beta.  Psychological 

Bulletin,  1972,  77,  375-376. 

29.  Hodos,  W.  Nonparametric  index  of  response  bias  for  use  in  detection  and 

recognition  experiments.  Psychological  Bulletin,  1970,  74, 
351-354. 

30.  Ingham,  J.  G.  Individual  differences  in  signal  detection.  Acta  Psycho¬ 

logies,  Amsterdam,  1970,  34(1) ,  39-50. 

31.  Kogan,  N. ,  and  Wallach,  M.  A.  The  effect  of  anxiety  on  relations  between 

subjective  age  and  caution  in  an  older  sample.  In  P.  H.  Hoch  and 
J.  Zubin  (Eds.)  Psychopathology  of  Aging.  New  York:  Grune  and 
Stratton,  1961,  Pp.  123-135. 

32.  Kogan,  N.,  and  Wallach,  M.  A.  Risk-Taking:  A  Study  in  Cognition  and 

Personality .  New  York:  Holt,  Rinehart  and  Winston,  1964. 

33.  Kogan,  N. ,  and  Wallach,  M.  A.  Risky-shift  phenomena  in  small 

decision-making  groups:  A  test  of  the  information-exchange  hypo¬ 
thesis.  Journal  of  Experimental  Social  Psychology,  1967,  3, 

75-84. 

34.  Liebert,  D.  E  .,  Swenson,  S  .  A. ,  and  Liebert,  R  .  M.  Risk  taken  by  the 

opponent  and  experience  of  subject  as  determinants  of  imitation 
in  a  competitive  situation.  Perceptual  and  Motor  Skills,  1971, 
32,719-722. 

35.  Lieblich,  A.  Effects  of  stress  on  risk-taking.  Psychonomic  Science, 

1968,  10,  303-304. 

36.  Littig,  L.  W.  Effects  of  skill  and  chance  orientations  on  probability  pre¬ 

ferences.  Psychological  Reports,  1962,  10,  67-70. 


19 


37.  Loeb,  M. ,  and  Binford,  J.  R.  Variation  in  performance  on  auditory  and 

visual  monitoring  tasks  as  a  function  of  signal  stimulus  fre¬ 
quencies.  Sensory  Research  Laboratory ,  Dept,  of  Psychology , 
University  of  Louisville .  (Contract  DA-49-193-MD-2197) , 

March,  1963. 

38.  Lockhart,  R.  S.,  and  Murdock,  B.  B.,  Jr.,  Memory  and  the  theory  of 

signal  detection.  Psychological  Bulletin,  1970,  74,  100-109. 

39.  Luchins,  A.  S.  Mechanization  in  problem-solving.  The  effect  of 

Einstellung.  Psychological  Monograph,  1942,  54  (6,  Whole  No. 
248)  . 

40.  Minkowich,  A.  Correlates  of  ambivalence,  risk-taking,  and  rigidity. 

Scientific  Report  No.  I,  (AF  20-AR-63-S2) ,  The  Hebrew  Univer¬ 
sity,  Jerusalem,  Israel,  June  1964. 

41.  Minkowich,  A.  Correlates  of  ambivalence,  risk-taking  and  rigidity. 

Scientific  Report  No.  II,  (AF  EOAR  21-64) ,  The  Hebrew 
University,  Jerusalem,  August,  1965. 

42.  Minkowich,  A.  Correlates  of  ambivalence,  risk-taking  and  rigidity. 

Final  Scientific  Report  No.  Ill,  (AF  EOAR-65-32) ,  The  Hebrew 
University,  March,  1967. 

43.  Mosteller,  F. ,  and  Nogee,  P.  An  experimental  measurement  of  utility. 

Journal  of  Political  Economics ,  1951,  59,  371-404. 

44.  Myers,  A.  E.  Psychological  advantages  in  gambling.  Technical  Report: 

NONR  2959  (00)  ,  Educational  Testing  Service,  August,  1964. 

45.  Myers,  D.  G. ,  and  Arenson,  S  .  J.  Enhancement  of  dominant  risk 

tendencies  in  group  discussion.  Psychological  Reports,  1972, 
30,615-623. 

46.  Poortinga,  Y.  H.  Signal-detection  experiments  as  tests  for  risk-taking: 

A  pilot  study.  Psychonomic  Science,  1969,  14,  185-186. 

47.  Price,  R.  H.  Signal-Detection  methods  in  personality  and  perception. 

Psychological  Bulletin,  1966,  66_,  55-62  . 

48.  Pruitt,  D.  G. ,  and  Teger,  A  .  I.  The  Risky  Shift  in  group  betting  .  Jour¬ 

nal  of  Experimental  Social  Psychology,  1969,  5,  115-126. 


20 


Prunkl,  P.  R.  Factors  in  predicting  army  aviation  performance:  Birth 
order  and  participation  in  dangerous  sports  and  activities . 
Presentation  at  the  Southeastern  Psychological  Association  Annual 
meeting,  New  Orleans,  Feb.  1969. 

Reinhardt,  R.  F.  The  outstanding  jet  pilot.  American  Journal  of  Psy¬ 
chiatry,  1970,  127:  6,  32-36. 

Richardson,  J.  T.  E.  Nonparametric  indexes  of  sensitivity  and  response 
bias.  Psychological  Bulletin,  1972,  78,  429-432. 

Roberts,  J.  M.,  and  Wicke,  J.  O.  Flying  and  expressive  self-testing: 

An  exploratory  consideration.  Naval  War  College  Review,  1971, 
67-80. 

Scodel ,  A . ,  Ratoosh ,  P . ,  and  Minas ,  J .  S .  Some  personality  correlates 

of  decision-making  under  conditions  of  risk .  Behavioral  Science, 
1959,  4,  19-28. 

Schulman,  Arthur  J.,  and  Greenberg,  Gordon  Z.  Operating  character¬ 
istics  and  a  priori  probability  of  the  signal.  Perception  and 
Psychophysics,  1970,  8  (5-A) ,  317-320. 

Siegel,  A. ,  and  Pfeiffer,  M.  Predicting  academic  success  through  appli¬ 
cation  of  theory  c*  signal  detectability  variables .  Proceedings  of 
the  77th  Annual  Convention  of  the  APA,  1969,  145-146  . 

Siegel,  A.,  Fischl,  M.,  and  Pfeiffer,  M.  Personnel  psychophysics:  Ter¬ 
minal  threshold  and  signal  detection  theoretic  applications  to 
performance  assessment..  Wayne,  Pa.:  Applied  Psychological 
Services,  1968. 

Slovic,  P. ,  Convergent  validation  of  risk-taking  measures.  Journal  of 
Abnormal  and  Social  Psychology,  1962,  65,  68-71, 

Slovic,  P.  Assessment  of  risk-taking  behavior.  Psychological  Bulletin, 
1964,  61,  220-233. 

Slovic,  P.  Information  processing,  situation  specificity,  and  the  generality 
of  risk-taking.  Project  NR  153-311.  Oregon  Research  Institute, 
1971. 


Steiner,  J. ,  Jarvis,  M.,  and  Parrish,  J.  Risk-taking  and  arousal 
regulation.  British  Journal  of  Medical  Psychology,  1970, 
43(4) ,  333-348. 


61.  Streufert,  S.,  and  Streufert,  S.  C.  Information  load ,  time  spent,  and 

risk-taking  in  complex  decision-making.  Psychonomic  Science, 
1968,  13,  32V- 330. 

62.  Strickland,  L.  H.,  Lewiski,  R.  J.,  and  Katz,  A.  M.  Temporal  orientation 

and  perceived  control  as  determinants  of  risk-taking  .  Journal 
of  Experimental  Social  Psychology,  1966,  2,  143-151. 

63.  Swets,  J.  A.  Indices  of  signal  detectability  obtained  with  various  psycho¬ 

physical  procedures.  Journal  of  the  Acoustical  Society  of 
America,  1959,  3_1_,  511-513. 

64.  Swets,  J.  A.,  and  Sewall,  S.  T.  Invariance  of  signal  detectability  over 

stages  of  practice  and  levels  of  motivation.  Journal  of  Experi¬ 
mental  Psychology,  1963,  66_,  120-126. 

65.  Swets,  J.  A. ,  Tanner,  W.  P. ,  Jr. ,  and  Birdsall,  T .  G.  Decision  pro¬ 

cesses  in  perception.  Psychological  Review,  1961,  68_,  301-340. 

66 .  T anner ,  W .  P . ,  Jr . ,  Swets ,  J .  A . ,  and  Green ,  D .  M .  Some  general  pro¬ 

perties  of  the  hearing  mechanism .  Technical  Report  No.  30.  Ann 
Arbor,  Mich.:  University  of  Michigan,  Electronic  Defense  Group. 
1956. 

67.  Tong,  J.  E. ,  and  Ground,  D.  G.  Rigidity  and  instructions  in  relation  to 

two-flash  fision  measures.  Psychonomic  Science,  1970,  21, 
355-356. 

68.  Torrance,  E.  P.,  and  Ziller,  R.  C.  Risk  and  life  experience:  Development 

of  a  scale  for  measuring  risk-taking  tendencies.  Lackland  Air 
Force  Base,  Texas:  Air  Force  Personnel  and  Training  Research 
Center,  February  1957.  (AFPTRC-TN-57-23,  DDC  Document 
AD-078926)  . 

69.  Townsend,  J.  C.,  and  Smith,  W,  J.  Predicting  decision-making  behavior 

from  personality  and  cognitive  variables.  Technical  Documentary 
Report  No.  ESD-TDR-64-619  ,  Nov.  1964. 

70.  Treisman,  M.,  and  Watts,  T.  R.  Relation  between  signal  detectability 

theory  and  the  traditional  procedures  for  measuring  sensory 
thresholds:  Psychological  Bulletin,  1966,  66,  438-454. 

71.  Wallach,  M.  A, ,  and  Kogan,  N.  Sex  differences  and  judgement  processes. 

Journal  of  Personality ,  1959,  27,  555-564. 


22 


.1,  WTP  ' 


72.  Wallach.  M.  A.,  and  Kogan,  N.  Aspects  of  judgement  and  decision-making: 

Inter-relationships  and  changes  with  age.  Behavioral  Science, 
1961,  6,  23-36. 


74. 


Weinstein,  M.  S.  Achievement  motivation  and  risk  preference.  Journal 
of  Personality  and  Social  Psychology,  1969,  13,  153-172. 

Welford,  A.  T.  Fundamentals  of  skill.  London:  Methuen  6  Co.,  Ltd., 
1968. 


Wilkinson,  R.  T.  Sleep  deprivation:  performance  tests  for  partial  and 
selective  sleep  deprivation.  Progress  in  Clinical  Psychology, 
New  York:  Grune  and  Stratton,  Inc. ,  1969. 


76.  Witkin,  H.  A.,  Lewis,  H.  B.,  Hertzman,  M.,  Machover,  K.,  Meissner, 

P .  B . ,  and  Wapner ,  S .  Personality  through  perception. 
Westport,  Connecticut:  Greenwood  Press,  1954. 

77.  Witkin,  H.  A.,  Dyk,  R.  B.,  Faterson,  H.  F.,  Goodenough,  D.  R.,  and 

Karp,  S.  A.  Psychological  Differentiation.  New  York:  John 
Wiley  and  Sons,  Inc. ,  1962. 

78.  Woodworth,  R.  S.,  and  Schlosberg,  H.  Experimental  Psychology,  New 

York:  Holt,  Rinehart,  and  Winston,  1965. 


APPENDIX  A 


Instructions  Presented  to  Each  S  Prior  to  Condition  A 
(10  stimulus-50  blank  trials) 

10  -  50  SECTION 

In  this  section  of  the  experiment,  the  warning  light  will  come  on  a  total 
of  60  times.  However,  the  very  faint  tone  which  you  are  to  detect  over  the  noise 
background  will  be  randomly  presented  on  only  10  of  these  trials.  In  other 
words,  the  tone  will  be  present  in  only  one-sixth  (1/6)  of  the  total  60  trials.  It 
is  your  task  to  detect  on  which  trials  the  tone  is  present .  Try  to  be  as  accurate 
as  you  can . 

Throughout  these  60  trials ,  please  sit  quietly  in  your  chair  and  keep 
your  eyes  on  the  white  warning  light.  Also  keep  your  index  finger  on  the  but¬ 
ton.  The  warning  light  and  button  are  the  same.  When  the  warning  light  comes 
on ,  listen  carefully  for  the  tone .  If  you  do  hear  the  tone  come  on  over  the 
static  background,  press  the  white  button  in  front  of  you  until  the  light  goes 
off.  Remember  chat  on  the  average  the  tone  will  be  presented  on  approximately 
one  out  of  every  six  trials . 

To  summarize,  all  you  really  have  to  do  is  simply  press  the  button  when 
you  hear  the  tone  over  the  static  background.  This  tone  will  only  be  presented 
when  the  warning  light  is  on.  Furthermore,  in  the  following  60  trials  you  are 
given  the  added  information  that  the  tone  will  be  randomly  presented  in  10  of 
the  60  trials;  that  is,  one  about  one  out  of  every  six  trials. 

Do  you  have  any  questions?  If  not,  please  put  on  your  headsets  and 


face  for  ward . 


